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Electrocorticography-based P300 spellers can significantly outperform traditional EEG-based systems, with bit rates as high as 40.
Even further improvements in electrocorticographic P300 speller system performance can be realized with integration of natural language processing into the classifier model with bit rates approaching 50.
Electrocorticographic P300 speller performance significantly depends on electrode localization, with far superior performance seen when employing electrodes over the occipital pole.
a b s t r a c t
Objective: The P300 speller is a system designed to restore communication to patients with advanced neuromuscular disorders. This study was designed to explore the potential improvement from using electrocorticography (ECoG) compared to the more traditional usage of electroencephalography (EEG). Methods: We tested the P300 speller on two epilepsy patients with temporary subdural electrode arrays over the occipital and temporal lobes respectively. We then performed offline analysis to determine the accuracy and bit rate of the system and integrated spectral features into the classifier and used a natural language processing (NLP) algorithm to further improve the results. Results: The subject with the occipital grid achieved an accuracy of 82.77% and a bit rate of 41.02, which improved to 96.31% and 49.47 respectively using a language model and spectral features. The temporal grid patient achieved an accuracy of 59.03% and a bit rate of 18.26 with an improvement to 75.81% and 27.05 respectively using a language model and spectral features. Spatial analysis of the individual electrodes showed best performance using signals generated and recorded near the occipital pole. Conclusions: Using ECoG and integrating language information and spectral features can improve the bit rate of a P300 speller system. This improvement is sensitive to the electrode placement and likely depends on visually evoked potentials. Significance: This study shows that there can be an improvement in BCI performance when using ECoG, but that it is sensitive to the electrode location. Ó 2013 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
Brain Computer Interfaces (BCI) are systems designed to restore functionality to victims of high brain stem injury or sever neuromuscular disease such as amyotrophic lateral sclerosis (ALS). A BCI system reads the electrical signals in the brain and translates them into computer commands (Wolpaw et al., 2002) . A computer can then convert these commands into actions such as typing text (Farwell and Donchin, 1988) , moving a cursor (Wolpaw et al., 1991) , or controlling robotic prosthetics (Lauer et al., 2000; Pfurtscheller et al., 2000) . While restoring communication in completely locked-in patients has not yet been demonstrated, it has been shown to be possible in all other stages of paralysis (Kübler and Birbaumer, 2008) .
The P300 speller is an example of a BCI system designed to restore communication by translating cortical signals into simulated keyboard input (Farwell and Donchin, 1988) . The system contains a graphical interface consisting of a grid of alphanumeric characters
